Dedicated to Jack Harrowfield on his retirement. An inimitable educator, scientist, colleague, friend, writer of mischievous anagrams...and still a good bloke. and mercury-NHC complexes with Pd(NCCH 3 ) 2 Cl 2 affords palladium-NHC complexes via NHCtransfer reactions, the mercury case being only the second example of a NHC-transfer reaction using a mercury-NHC complex.
Introduction
N-Heterocyclic carbene (NHC) complexes of silver have become common-place in the organometallic literature. The interest in Ag-NHC complexes is largely due to their ease of synthesis (from azolium salts and Ag 2 O) and their ability to serve as useful precursors to other NHC-metal complexes by NHC-transfer reactions [1] . In recent years NHC-silver complexes have also been studied for possible antimicrobial and anti-cancer properties [2, 3] .
Wanzlick and Schönherr reported the synthesis of a mercury NHC complex via the reaction of an imidazolium salt with mercury(II) acetate in 1968 [4] . Despite the fact that this complex was one of the earliest examples of an NHC-metal complex, NHC-mercury complexes have received little attention compared to NHC-silver complexes, and applications of mercury carbene complexes have not been widely explored. We recently reported the use of NHCmercury complexes for redox-transmetallation chemistry, where the reaction of a Silver complexes derived from non-cyclic xylyl-linked bis(NHC) ligands have been reported (e.g. 8, 9) [22] [23] [24] . Lutidinediyl analogues of the meta-xylyl linked structures have also been reported (10) [21, 25, 26] . In general metal complexes with para-xylyl linked bis(NHC) ligands are rare, though some interesting structures have been characterised in the solid-state (e.g. 11) [27] [28] [29] . Here we report the synthesis and characterisation of silver and mercury complexes with NHC ligands 12 and 13, derived from meta-and para-xylyl linked bisimidazolium cations. We also report the transmetallation (carbene-transfer) reactions of silver and mercury complexes to form a palladium complex. 12H 2 ·2Br was converted to its hexafluorophosphate salt by a metathesis reaction using 12H 2 ·2Br and KPF 6 in methanol and was obtained as white crystalline solid, in 85% yield after recrystallisation from hot water. Crystals suitable for X-ray diffraction studies were grown from slow evaporation of a concentrated solution of the imidazolium salt in acetonitrile at 4 °C. 1 
Structure determinations
Full spheres of CCD area-detector diffractometer data were measured (monochromatic Mo K radiation,  = 0.7107 3 Å, -scans) yielding N t(otal)
reflections, these merging to N unique (R int cited) after 'empirical'/multiscan 'absorption correction', these being used in the full matrix least squares refinements on F 2 (anisotropic displacement parameter refinement for the nonhydrogen atoms, hydrogen atom treatment following a riding model; reflection Variata. Hydrogen atoms, located in associated with residues modelled as bicarbonate and water, were refined in (x, y, z, U iso ). 12H 2 2Br
Scheme 1
The mononuclear mercury complex 16 was obtained by the reaction of 12H 2 ·2PF 6 with Hg(OAc) 2 in acetonitrile at reflux for 3 days (Scheme 2). The salt 16·2PF 6 was obtained as colourless crystals in 55% yield after recrystallisation from a mixture of acetonitrile and water. The NMR spectra for solutions of 16·2PF 6 were similar to those of the silver analogue 15·PF 6 . The 1 H NMR spectra of solutions of 16·2PF 6 in d 3 -acetonitrile display an AB pattern due to the benzylic methylene protons, indicating some conformational rigidity in the structure. In the 
Complexes derived from the para-linked di(imidazolium) cation 13H 2
Reaction of 13H 2 ·2Cl with an excess of Ag 2 O in methanol (Scheme 3) afforded the salt 17·2Cl in 52% yield after recrystallisation from hot methanol.
The reaction also proceeds well in DMF or DMSO. The salt 17·2Cl is soluble in DMF, DMSO and ethanol, and sparingly soluble in methanol. The hexafluorophosphate salt 17·2PF 6 was prepared similarly, by reacting 17·2PF 6 with Ag 2 O in acetonitrile, and was isolated in 77% yield. Removal of the associated AgPF 6 by-product proved problematic. One procedure that can be used to isolate a hexafluorophosphate salt from a reaction mixture is the selective precipitation of the salt by addition of water (AgPF 6 remains dissolved). This method could not be used here because on addition of water to the reaction mixture the material darkened immediately. However, careful washing of the crude reaction product with dichloromethane, followed by recrystallisation from acetonitrile/diethyl ether, afforded pure 17.2PF 6 .
The results of an electrospray ionisation mass spectrometry study were consistent with the dimeric structure [L 2 While the reaction of 17·2Cl with PdCl 2 (NCCH 3 ) 2 was conducted in acetonitrile and thus might be expected to yield the solvated complex 18, the vacuum-drying step presumably resulted in the isolation of a non-solvated product. It has been shown previously that the acetonitrile ligand in complexes of the type trans-(NHC)PdX 2 (NCCH 3 ) is extremely labile, such that even washing the complex with diethyl ether can result in loss of the coordinated acetonitrile and formation of non-solvated bridging-halide complexes [36, 37] . After the yellow powder was carefully recrystallised by very slow evaporation of an acetonitrile solution and isolated without any drying step, an X-ray study indicated that the crystals contained the solvated structure 18 (see below). 
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We recently reported the first example of redox-transmetallation using a mercury-NHC complex [5] . In view of the apparently labile nature of mercury- with traces of palladium black). The mixture was filtered and the yellow solution was evaporated to dryness under vacuum to leave a yellow powder. Solutions of this yellow powder in d 3 -acetonitrile gave 1 H and 13 C NMR spectra identical to those of the solvated complex 18 isolated from the silver transfer reaction.
We have found that both the silver and the mercury transmetallation experiments can be performed without the need to use inert-atmosphere conditions. The mercury transmetallation route proceeded as well as, if not better than, the silver transmetallation. The mercury complexes made from Hg(OAc) 2 proved easy to purify, and any excess Hg(OAc) 2 or acetic acid was easily removed by washing with water. Silver complexes, especially those made from the bis-imidazolium systems in this study darken easily if exposed to light and therefore need to be protected during synthesis and isolation. Mercury complexes do not need special experimental conditions and perhaps, in this respect, have an advantage over silver complexes.
Structure determinations
Cation 13H chloride and hexafluorophosphate, and hexafluorophosphate respectively, as described above, the materials obtained were inappropriate for single crystal Xray studies; smaller quantities of other salts suitable for the X-ray work were obtained adventitiously in the course of variations on the described syntheses.
With 13H 2 , a nitrate complex was obtained from methanol solution in ambience:
17·2NO 3 ·2MeOH is an elegant structure, in which, although there is only one formula unit in the asymmetric unit of the structure, that is comprised of halves of independent dimers disposed pseudo-symmetrically about inversion centres in a triclinic cell (Fig. 2(a) The methanol C-O distances are 1.379(7);1.393(8) Å, the hydroxyl groups being hydrogen-bonded to the nitrate ions (H,O...O 1.96(6),2.800(7);2.11(7),2.864 (7) Å). As a ligand, 13 also forms a bis(carbene) complex with acetonitrile solvated palladium(II) chloride, shown to be 18·2CH 3 CN, the neutral complex molecule also a centrosymmetric species, with one half of the array comprising the asymmetric unit of the structure (Fig. 3) (Fig. 6(b) ). The structure of the cation 15 contrasts with structures such as 21 and 22 , which are also based on bis(NHC)s with meta-xylyl-type linking motifs [16, 24, 26] .
Different coordination modes may arise due to the presence of coordinating vs non-coordinating anions (21 was formed in the presence of chloride), solvent effects, etc. In the present case, however, internal steric hindrance between the mesityl C2 methyl substituent and the imidazolyl units may disfavour dinuclear binding motifs such as exemplified by 22 [26] and 23 [11] . In the latter, for example, the mesityl groups are distinctly distorted from planarity, with the C2 methyl group pushed out of the arene plane away from the imidazolyl groups. The ligand 12 can be thought of as derived from the cyclophane ligand found in 23, and the absence of the ortho-xylyl linker leaves 12 with conformational freedom to adopt the interesting trans-spanning chelating coordinating mode rather than a sterically disfavoured dinuclear structure. 
